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f o r  the 

This p e p e r  p r e s e n t s  the  r e s u l t s  of fli5P;t t g s t s  t o  
detemr,fnE; t h e  l s t e r a l  end direct i : :n  21 s t F b 5 . 7 - i t y  anc? c o n t r o l  
c h a r a s t e r l s t i c s  o t  a DeKavilla-iZi ;;o::q~itc; ~ - 3  afr;o::ens. 
The  dab.?.  F .?esected k e r s i l :  have  no  b % s r h g  on the mrSorrnance 
c h a r a c t e r i s t i c s  o r  t h e  a i r p l a n e ,  wk5.ch lvere not .  moasurzd 
i n  t h e s e  t e s t s ,  but WLiicL were c o n s i d e r e 2  t o  be e:rce?tlon- 
a l l y  good.. ScKe o f  t h e  ciesira.ble f e a t w e s  oi' th9 lateral 
and d i r e c t i o n a l  s t n b f l i t y  and control c h n r a s t e r i s t i c s  o f  
the F-8 were: 

1. Rudder -cmt ro l  f o r c e s  req;nir$d VL'I th  tkt., s p r i n 3 -  
t s b  riidder were neve r  sxcessfvee The v s r i o t i o r ,  of' ru63er 
f o r c e  with soced i n  s t r s i g h t  f l i gh t ;  W ~ S  ver7 smsli. 

engine  o p e r s t i o n  i n  tile c l e a n  c o n d i t l o n .  
2. C o n t m l  could be easily xaintafneci duriKg single- 

3. The c o n t r o l - f i x e d  s f f e c t i v e  d ihediaa l  WPS 2lways 
p o s l t f v e  and vias n o t  cons idered  excess ive .  

The l a t e r a l  and d i r e c t i o n a l  s t r b i l i t y  an2 c o n t r o l  
c h m a c t e r i s t l c s  of  the 22rp lane   ere cons idar5d  t o  be 
u n s a t i s f a c t o r y  i n  t h e  following r e s p e c t s :  

1. The d i r e c t i o n a l  s t a b i l i t y  with rudder f i x e d  d i d  
n o t  s u f f ' i c i a n t l y  restrict ths r ; i l ,?ron yav. 
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2. Rudder l o c k  occurred  nasi- the s t a l l  i n  the c l e e n  
coxid i t ion  with poBer f o r  level-  f l i g h t  a t  1 a - p  z-lqles of 
3 4 des lfi i .  

3. The rudder c o n t r o l  vLras fns,dequate durinz taire-off 
and l ~ i ? ~ i r q  and was i n s u f f i c i e n t  t o  fly the  a i r p l a r i e  w i t h  
one engine inoner  8 t i v S  aEd the  other'  eacyine cicltvei-ing 
FovJer f o r  l e v e l  P l i g h t  wi th  the  f i sps  a ~ d  1,anlding g e a r  
down. 

4. In t he  c l e m  coridit iofl . ,  tlie power oi' the e i l e r o n s  
was s l i g h t l y  below t he  :r,iniinwn v a l m  spec i f i ed .  for air- 
p l a n e s  of  th4.s tyqe. 

F11ght tests have  heen mads t o  determine the  :flying 
y i " . l i t i e s  of a. De*TavilLan.d Vosqui-Lo 5'-G a i r p l s n e .  This 
p a p e r  p r e s e n t s  t h e  r e s u l t s  of t h e  t e s t s  t c  d e t e r r r l n e  the  
l ~ t e r a l  a ~ ~ d  d i r e c t i o n a l  stability m d  c o n t r o l  cha-racter-  
istfcs. The results o f  the t e s t s  o f  1ongi tudl .na l  9 % ~ -  
b i l i t g  and c o n t r o l  w i l l  be preserzted i n  ? a r t  11. The 
complete pr;ogram r e q u i r e d  16 f l f q h t s  end e:,-?roxix!iately 
24 hours of' flying. These flPghts were msde In October 
and Kovember of  1~1A.. 

DESC R I PT I 0 N 

The K o s q u i t o  i s  a two-!?lace, twin-engine, widwing 
a i r p l m e ,  having s l c t t e d  f l a p s  ~ ind  s r e t r e c t s b l e  con- 
v e n t i o n a l  type lending  gepr .  The vers ion  of the IvIosqufto 
t e s t e d  was 8. Canadian b u i l t ,  camAera-equip3ed 3'-8 a i r p l m e  
which had no aririament. With the exception of t he  c o n t r o l  

. 
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h - T i 2  of bank Ra cording Lncliriomsta r 

Vi is fri xileu 3 e r  hour ,  

q, i s  ttLe dfi'f'ereiice batnetsxi t o t a l  pressure arid c o r r a c t  
s-cat ic  pressure, 

fo 
S t a t i c  'pressure WP!Q rneas-iirod with a swiveIj.ng s tc . - t ic  !?.$ad 
m u . n t s d .  1 chord length ehesd o f  a n d  s l i g h t l y  b e l o x  the 
r i g h t  wing ti?. The s t a t i c  head was  calibrated f o r  
p o s i t i o n  errop by ixesns of 8 t r 2 . i l i n g  aiTs12eed b o ~ b .  
T o t a l  pressure w a s  mcgs.ured w % k h  a s h i e l d e d  t o t e 1  head 
mounted a t  the r i g h t  wing t i p .  

P s  the c o m p r e s s i b i l i t y  c o m c c t i c n  f a c t o r  8% seg. l e v e l .  

C o n t r o l  ; ?os i t ions  we?e measured by both e 1 e c t : r i c a l  
a i d  mechanicel recorders. The zrmsmEttTng elements  of 
t h e  electrical r e c o r d e r s  were mounted a.t the inboard  ecds 
of' thg c o n t r o l  surfaces. Nechaniczl p o s i t i o n  recorders  



were a t t a c h a d  t o  the  c o u t r o l  coluii?;n, on5 rudder  7 e d ~ 1 ,  ~ ! n d  
t o  EE a i l e r o n  c o n t r o l  cab le  in the bomb bey. Fro% recorded  
i'Z.fz1i.t da-ta i t  was d e t e r m h a d  t h a t  the s t r e t c h  of' t h e  
e lavs ts3r  conbrol.  systeln w ~ s  lo of elevator1 d e f l e c t i o n  p e r  
25 p ~ ? ~ , i d s  o f  wheei f o r c e .  The f l e x i b i l i t y  oi' t h e  rudder 
s y s t e m  m o u n t e d  t o  1' of rudder d e f l e c t i o n  per  1.0 pounds 
02 p e d a l  f o r c e .  S i n c e  the a e c h s n i c d  ,Josit ioli  recor>der  
was r!.ot connscted a t  the  c o n t r o l  whcei, the s t r e t c h  of the 
a i l e r o n  system was measured on the ground and f o ~ m d  t o  b e  

n e 1Jf;r 2.1. 

r. 
I 1u psr (j pounds 01 wheel. fajrce : ~ f t h  t hs  a f l e i - ~ n ~  j-jesr 

To measure c o n t r o l  f c r c e s  t h a  sepvi-cs  wheel w2.s 
r e s l e c e d  with o ~ e  on vzhich s t r a i n  g q s s  were iT!.olAQted. 
A ~ i . e r o n - c o n % i - n l  forces DI;7essn.tec! in this m o o r t  m e  be.sed 
02 P. wheel d i m i e t e r  oP 1-& inches t o  the  c e n t e r  of t h e  
,zrl.ps wh5le t h e  stnj?dari? wheel f o r  t h e  F-& i s  ay3'rosi- 

ma.teiy 12 fnches i n  d i m e t e r  e t  the cen te r  of  t h e  g r i p s .  

The aileron f 'omes f o r  a rervrice wheel may be obtai i ied by 
r r ia l t lplyfng t h e  f o r c e s  :-?resented i n  this re;?o?t bg 1.1. 

f 

A. LongSftu-din a 1  S t a b i l i t y  and Cont ro l  Charac te r  I s  t i c s  

. The l o n g l t u d i r i e l  s t a b i l i t y  snd c c n t m l  c h c r a c t e r i s t i c s  
w i l l  be d t scussed  iri 8 subsequent r i p c r t .  

€3. L a t s r s i  ani? D i r e c t i o n a l  Stability and Con+,rul 
C h a r s c t e r i s t i c s  

1-3. D y n m i c  L s t e r a l  end D i r e c t f o n a i  S t a b i l i t y  

Th.e c o n t r o l - f r e a  l a t e r 2 1  o s c f l l s t i o n  wa.s i n v e s t i -  
@ai;sd in the  C l e m  cond i t ion  ai; th2 s p e e d  for. maximul:ri L/D, 
sp-2roxirnately 189 n i i l c s  peri hou? with the  engi.ncs s a t  a.t 
2650 revalutioiis p2,- x inu te  sad 
a t  280 miles 9er h o u r  w i t h  t h e  enqines  s e %  for r a t e d  powor 
(26,513 r e v o l u t i o n s  351' r r in9te  and 7t poxids b o o s t ) .  A t  
both spebds i t  was C o m d  t h a t  l a - t e r a l  o s c i i l a t f o n s  could 
not be induced by r e l e z s i n g  t h e  coiiti'o1s while i~ a s teady  
sideslip. T h i s  W R S  due t o  the  overbalenced aile-..ons 

4 pounds boos t  and z . 1 ~ 0  



ca lx lng  th.e airplane t o  roll and turn, The o s c i l l a t i o n s  
were induced by k i ck ing  t h e  ruddsi-. an5 p e l e a s i n g  it while 
hoiC?.i~?g tha e l e v a t o r  and t h a  s i l a r o n s  f ixed .  Time his-  
bori .es of' osc!-l lations clue t o  e r i g h t  and  a l e f t  m d d e r  
k i c k  at 1E:C miles  per  h o u r  a r e  presentei?  i n  f i g u r e  1. 
L 

The l a t e r p L l  o s c i l l a . t i o n s  were dmiped t o  1/2 m p l i -  
ti1d.e in 2 cyc le s  and t h e r e f o r e  met t h e  requlfrenients of  
ref'er>emce 1. The s h o r t - p e r i o d  o s c i i l a t l o n  of the r u d d m ,  
Indice ted  i n  f i g u r e  7 by e s l i g h t  tendency o f  t h e  r u d d a r  
t o  ovel-shoot i t s  e q u i l i b r i u m  p o s f t i c n  when suddeaiy r e l e a s e d ,  
was c .o sp le t e ly  damped in l e s s  than 1 cyc le .  Tne r e q u i r e -  
ment o f  r e fe rence  3. t h2 t  t h e r e  shoxlid be  no s h o r t - p e r i o d  
osci.lL'Rtj.on o f  th.3 rudder was t h e r e f o x  s a t i s f i e d .  The 
rudder showed a marked tendency t o  float w i t h  the r e l a t i v e  
wind, xtti cont inued  t o  o s c i l l a t e  fn phsse with t h e  e i r p l e n e  
n o t i o n  d u r i n q  t h e  o s c i l l a t i o n .  R?.idder Kl.ci(3 v;ere also rnade 
i n  which t h e  rudder  w n s  Ici.c!ted, r a t u r n e d  t o  z e r o ,  2nd h e l d  
as w e l l  as poss ib l e  while  the e l e v e t o r  m d  t h e  a i l e r o n s  
weiae held fixed. A tim? h i s t o r y  o r  one such rudder  k i c k  
a t  180 1niIes n e r  hour  i s  given i n  fj .gure 8. Tkie p i l o t  
cons ide r sd  thz t  tkL>  d.am,ning of' t h 3  7_.eter>nl o u c i l . l s % i o n  was 
sonewhat b e t t e r  t k m  if' t h e  Tuddei- ;-:ere n0.t fixed a t  zei-o; 
however, the rudder  blsw with the r e l a t i v e  ~ i n d  and because 
o f  the f l e x f b i l - i t y  o f  tho rudder -cont ro l  system coul-d n o t  
be h e l d  f ~ ?  a f i x e d  y o s i t i o n .  A tfr,;e h i s t o r y  o f  a ruddop 
k i c k  and m l e m e  a t  280 riiilas ~ a r  hour  i s  g iven  i n  f i g u r e  9. 
The ir,crae.se i n  spse2 reduced the period, b u t  h e d  l i t t l e  
e f f a c t  on the d a m ~ i i i g  of the o s c f l l a t i o n s .  In ell the 
oscillations the  p i t c h i n g  xoment due t o  yawing caused 
a l t e r n a t e  push snd p u l l  f o r c e s  o n  the c o n t r o l  wheel, a 
c h a r a c t e r i s t i c  which was ob jec t ionab le  t o  t n e  pl.1o-b. 

Fo flight rec0rd.s were made w i t h  the bomb-bsy 
doors open because m o s t  o f  the f n s t r u q e n t a t i o n  was l o c z t e d  
i n  t h e  bomb bag. Howeve?, t h e  p i l o t  n o t i c e d  110 m 9 r e c f a b l e  
dfff 'erence in  t h e  dEmDlng o r  the l a t e r > s l  oscillctions with 
the bomb-bay doors open. 

2-13. S t a t i c  L a t e r a l  m d  D i r e c t i o n a l  StaSil . i . ty 

1. S i d e s l i ?  due t o  a i l a r o n  d e f l e c t i o n  - ruc7,der 
t o  overconis adverse aileron yaw 

The sLiksli? due t o  ?ileraon d e f l e c t i o n  a ~ d  the 
ruddera r e q u i m d  t o  overcorie sdverse ails-on ysw were 
measured in r o l l s  ou t  of turns. T'g;>ical t i x e  histories 
of rolls ou t  ot t u r n s  wi th  f i x e d  midder  znb w i t h  
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Analysis el' t h e  data f i l  f 'lgura 10 a . ~ d  ot .her 
s i m i l a r  d e t a  i n d i c a t e s  t h a t  n e c . r l g  : 2 l l  o f  t h e  a v a i l a b l e  
change of rudder d e f l e c  Lion, q j p r o x i n z t e i p  15" right 
o r  2 0 ~  l e f t ,  a:id a.pproxfmate17 2, 5 ~ - p o ~ x i  insrement 
of rudder  f o r c e  were nscessary  t o  ove.rcome t h e  yaw 
d.ui: t o  fuil e i i e r o n  d e f l e c t i o n  a t  125 p i l e s  p c r  hour 
vvfth f'la.;3s an2. g e m  c?own, power f o r  l e v e l  f l i g h t .  
The requirement of ref'epence 1 t h a t  the rudder be ab le  
t o  overcome the edve r se  ;.aw &ne t o  P x l 1  a i l e r o n  
d e f l e c t i o E  wlth i: rucides f c rce  of l e s s  th.rn 180 pounds 
~ ' 9 s  s e t i s f i e d ,  bu t  t h e  p i l o t  coi?im.entc?c! t h a t  8 COE- 
s i d e r e b l e  m o u n t  o f  Fed21 rnction was required f o r  
the zmount of  9 . i l e ron  c o n t r o l  a.pp1ied. 

2 S i d.s s 1 f r: cha r  RC t er 5 s t i  c s 

One s e t  of' da t t l  which i l l u s t r a t e s  the occurrence 
c f  rudder  lock was o b t a i n e d  f r o m  -? pm1imi.nery f ' l L @ i t  
during which  g o d u a l f y  i n c r e a s i n g  sfcieslfps  m r e  made 
by s lowly  d e f l e c t i > g  t h s  rucider while u::ing> t h e  
a i l e r o n s  2nd s l e v a t o r  t o  rmintafn  s t r . s i g h t  end  l e v e l  
flight. 0thZ:rwise the s t d e s l i p  chz r? . c t s r i s t i c s  w2re 
f n v e s t i g e t e d  in s t e a d y  sfdeslf-ns.  The  d a t e  f r o m  
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( v a r i a t i o n  of rudder  zngle  aizd. f o r c e  with sideslip 
ang le ) ,  dihedra.1 e f f e c t  ( v a r i a t i o n  of a i l e r o n  s n g l e  
arid f o r c e  w i t h  s i d e s l i p  angle), p i t c h i n g  moment due 
t o  s i d e s l i p  ( v a r i a t i o n  o f  e l e v a t o r  angle  sad f o r c e  
with s i d e s l i p  a n g l e )  and the s i d e - f o r c e  c n a r a c t e r -  
i s t f c s  ( v a r i p t l o n  of  angle of  bank with sideslip 
angle) .  The ang le s  of s i d e s l i p  reached were restricted 
a t  low sTeeds t o  avoid rudder  lock  m d  a t  h i g h  speeds 
i n  order  n o t  t o  over load  the v e r t i c a l  t c L i 1 .  I t  wn.s 
thought t h s t  w i t h  t h e  c l o s e l y  ba lsnced  rudder  there 
WZIS some p o s s i b i l i t y  of ove r losd ing  the  v e r t i c a l  tail. 
The t e s t  c o n d i t i o n s  and speeds were as f o l l o w s :  
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a. Ei r 3 c t, i GI? a?. s t nSF 1. f tg 

b. 3l .hedral  e f f e c t  

The s t . i ck- f ixed  d i h e d r a l  efi'eci; a s  shown 
by Dhe v m i a t l . m  o f  c!Elei:~on m a l e  ;Ni.th s k d e s l i ?  
sngle  i n  f r g w c s  12 t o  16 WES p o s i t i v e  ig. a l l  con- 
ditions em?, mot t h s  requirements  of  refe:rer,ce 1. 
In t h e  .%lidj.ng condition t h e  e f f e c t 2 v e  diheci:ral 
wr,s 4 . O 0  conpared wl.th 1.4" g s o m t r i c  dii-iedra.1 E t  
t h a  t o p  s u r f m a  of' the  wing. The s t i c k - f r e e  
d i h e d r a l  e f f e c t  as shown by the  va r ' i a t i on  of the 
a i l e r o n  f o r c e  with s i d e s l i p  angle IVRS nnarpinal t o  
s l i g h t l y  n e g a t i v e  i n  all condi t ions ;  Yn:: s t i c k  
f o r c e s  were very  l i g h t  and hord ly  o u t  cf' tk'e Pmg8 
of' t h e  f r i c t i o n  f o r c e  i n  t h e  ai1e.ron systeir~ which 
wm approx ima te ly  fk noundis . 

C.  Ef tchiRp moment 6iue t o  sic?esl.ip 

" i h s  c h ~ n g e s  Fn e l e v s t o r  f o r c e  and p o s i t i o n  
due t o  sidsslip were s r n s l l  a t  h i g h  speeds 'but p t  
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1on;";er syeeds whers l a r g e  s n ~ l e s  of s i d e s l i p  wsre 
reached  t h e r e  W R S  a cons iderable  i n c r e a s e  in e l s v s t o r  
f o r c e  a t  1 m g e  angles of  sfdesl- ip .  There was m 
obJf3c t ionable  v e r i s t i o n  o f  e l s v z t o r  f o r c e  v i th  side- 
s l i p  e n g l e  n e r r  z e r o  yaw i n  s t e a d y  sideslips i n  t h e  
- ~ o v . e ~ ~ - o n  c o n d i t i o n s ,  8.s shown by figulrss 12 and 13. 
An appreciable p i t c h i n g  tendency due t o  ymving 
v e l o c i t y  also x a s  ~ ? x e r v ~ ! d ;  which was a t t r i b u t e d  t o  
the gyroscopic  e f f e c t s  oi" t h e  F?rop.r : l lers .  It should 
be no ted  t h a - t  t hese  e f f e c t s  combine t o  cause the  
a i r p l a n e  t o  tend  t o  p i t c h  down in r i g h t  rud.der kicks 
m d  up i n  l e f t  rudde r  kicks.  The e l e v a t o r  f o r c e  
r>equFraed to o f r s e t  these  pitc!-it?ing noments w-?s s x a l l  
but  t h e  yawing enco:mt,erad i n  even s l i g h t l y  rough 
sir W P S  s u f f i c i e n t ,  $0 c a m e  s L n 4 1  ;>itch chmges and 
require zol-tiriuc.us e l e v a t o r  m o t i o n  whl.ch mnde i t  
Bi-n:3ossiblc t o  t r h  the airplane. 

61. S i  ds -for ce char ac t .e  r i s t; i c s 

The si i-le-i'oi-ce c h r r a c t e r i s  t i c s  ( v c r i s t i o n  
of  Smk sngle with angle  of' s l . 3 e e l i n )  s a t i s f i e d  the 
roqubi3ements o f  r e f e rence  1 which s t a t e d  that t h e  
v s r i  s t i o n  s h o u l d  be such  'chzjt x a i ~ h t  bank accompmies 
right z i d s s l i p  ana v i c e  vers8.  

3-H. Later2.l  2nd C i r e c t i o n a l  C o n t r c l  

1. Rudder t o  ovei'come advepse ai-leron yaw 

The ability of the r u d a a r  t o  oTrercom t h e  yswfng 
m o m n t  dus t o  f u l l  a i l e r o n  d e f l e c t i o n  has b c m  
d i s c u s s e d  i.n the s e c t i o n  ori sideslflo due t o  a i l e r o n  
d e f l e c t i o n  ( 2 - 3 ,  1). 

2. Rudder c o n t r o l  i n  take-of f  a i d  l a n d i n g  

The F-& is 8 twin-cngino a i r p l m e  with a s i n g l e  
v e r t i c a l  t a i l  n o t  l o c a t e d  in t,hs s l i 2 s t r e s m .  It was 
very d i f f i c u l t  t o  p e r f o m  the nianeuver s p e c i f i e d  i n  
Peference  1 f o r  de t e rmina t ion  of t ha  d n i m m  speed 
a t  which i t  wes p o s s i b l e  . to  r z i s c  the tail d u r i n g  
tzke-of f  f o r  the following reasons.  First, f u l l  
power could Eot be a p T l i e d  because i t  was n e c e s s e r y  
t o  ap2lg power asgrr;rrstrically t o  me in ta i r ;  d i r e c t i o n a l  
c o n t r o l  a t  ve ry  low s g e e d s ,  Sscnnd, i f '  t h e  t a i l  was 
brought up a.t  the minimum speed with the rudder 
d e f l s c t e d  full r i g h t ,  2.c m c o n t r o l l a b l e  yawing n o t i o n  
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t o  t h e  l e f t  r e s u l t s d  due t o  the gyroscopic  e f f e c t  
of -the 9 r o p e l l e r s .  Lack of d f rec- t for_a l  c o x t r o l  
during 1a.nding s e v e r a l  tfmes n e w l y  r e su l t ed .  i n  a 
g round .  l o o p .  The d r r e c t i o n a l  control o f  t h e  F-8 
air;:,lane wes cons idered  t o  be vmsa t l s f ac topy  f o r  
bo th  t ake -c f f  m d  landing .  No t e k e - o f f s  or 1ai:dfngs 
were nlade i n  a 90° cross wind. Time h . i s f ,o r ies  o f  
a t ake-of f  and l and ing  a re  p r e s e n t e d  i n  figures 18 
2nd 19. 

3 .  Single-engine  operaat ion 

a. Rudder contro?.  with o3e engine  i n o p e r a t i v e  

Rt texFts  were mr,de t o  s i m u l z t e  t h e  flight 
c o n d f t i m  f o l l o w i n g  f e j l i i r e  o f  t h e  l e f t  engine  i n  
the wave-oi'f condition w i t h  f l q ~ s  nnd 1mdj.ng ge2.r 
dow:p end r s t e d  -pcxt?r .  At 120 mfies  p e r  kicur t h e  
power of  t h e  rudder  wzs  n o t  suPfLcient  t o  r;i;3intsin 
s t r a i g h t  f l i g h t  with t h e  wtrsgs l e v e l .  Nhen the a i r -  
? l a n e  w a s  benked t o  t h e  r&ht Ln order t o  m,nintein 
s ti-3fgh.t f l i g h t  birffe t i n s  c? f the m d d e r  occilrred 
m d  the maneuver wes  d i s c o n t i n u e d  b3cause of t n e  
denge r  of rueder  lock .  C o n t r o l  coulc! be mcln ta ined  
i f  t h e  r i gh t  engine was throttled beck sonewhat,  bu t  
the power would then  c o t  be s u f f i c i e n t  for l e v e l  
P li gilt. 

S .  Direc.tlona.1 t r i m  c h z r a . c t e r i s t i c s  

F igu re  20 p r e s e n t s  ths d i r e c t i o n a l  trim 
c h a r a c t e r i s t i c s  f o r  s ing le -eng ine  ope rp t ion  i n  the 
rated-power,  clear! c o n d i t i o n  i n  s t r e i , g ; h t  f l i g h t  
with the wings l e v e l .  Da.ta were obtairied w i t h  the 
l e f t  p r o p e l l e r  windmil l ing with t h e  governor set 
a t  2650 rpm end a l s o  with the  l e f t  p r o p e l l e r  f e a t h e r e d .  
Figure 2 G  shows t h e t  f u l l  t a b  d e f l e c t i o n ,  l e f t  from 
t h e  rudder ,  wa.s r e q u i r e d  t o  trim the rudder  f o r c e  t o  
ze ro  a t  l 9 O  rtliles p e r  hour W f t l - i  t h e  l e f t  p r o p e l l e r  
windmilling, and sbout l/3 less, with the l e f t  
propeller f ea the red .  The rudder  control was s u f f i c i e n t  
t o  n a i n t P i n  s t r e i g h t  f l i g h t  fn e i t h e r  c a s e  with t h e  
wings l e v e l  a t  150 mi l e s  p s r  hour. By ho ld tng  a 
s l i g h t  degree of bank i t  was possfble t o  mair i ts in  
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!+. . 9 i ?"e c t i 011 2 1 t 1- ini  c h  ar 8C t e I' i s t .I c s i n  c 1 uc-lin g 
rudder  c o n t r o l  i n  d.ives ( s y r m e t r i c  power) 

F ~ o n ;  t r l . m  ~-lt maxim.um level-f'lij$ht sp2ed witb 
power on o r  t r i m  a t  t h e  seine speed  with t h o  erqf:ies 
i a l f n z  t h e  ruadcr~.;coxcrol f o r c e  c h e ~ g s d  only LO pounds 
in going t o  360 miles p e r  hour, the maximmi spsed 
a t t e f n e d  fn  these t e s t s .  T h i s  fs shown i n  t k -  At? 

d i r e c t i o c a l - t r i m  curves of ffgv.i>e 21, which i.r?,dlcate 
srrlsll v a r i o t i o n  of  rudder f o r c e  wit,h speed i n  all 
cor ,d i t ions  . 

The power o f  the  ruddoi- t r imxiEg t a b  to t r i m  
t h e  rudder f o r c e s  t o  zero a t  m y  speed i n  m y  of the  
test cond i t ions  i s  elso f n d f c a t e d  by figur.c? 21. The 
v s r i s t i o n  of a i l c r o n - c o n t r o l  f o r c e  witk speed was 
s m a l l  e x c e p t  in high-s>eed. d ivas  2,s s h x n  i n  i'igurc. 22 
and- was e a s i l y  tr i r r imed out. The ~ O W G P  of the tr:..rrming 
tabs d u r i n z  s i n  $e -sngine opc re t l cn  ha:: 'cesn d i scus  sed 
ill 9-3, 3. 





b, Tne ai.lei-or,s axhibitea n o  tll?_desIrEbLe l a g  
ch 8 r a c t e r i s t i c s m d .  t h a  1' c 2.1.:. i'i g ac c e 1 e i- at i on  was 
alvisys ir_ t h e  c o r m c t  d i r e c t i o n .  

Tba proposec? raquirement -tl?a-t i t  be ? G S S ~ ' D ~ ~  t o  
o b t a i n  a he l ix  m g l e  ?S/2V of 0.05 with. 109" of 
ivheel def lec t fop .  u;? t o  70 g:.srcsni; of ths r f i a x h m ~  
l avo l - f l i . gk t  spaed WG.S s a t f s f  i s d  by t b  F-t:. 

f. The a l l e r o n - c c n t r c l  f o r c e s  were i.isua1l.y in 
t h  P E I Z ~  of the f r i c t i o n  force and T:~V;:?P excseded 
2 C  pounds In t h e  r o l l s  na.de with t h e  a i l e p o n  cleflaction 
m b f t r a r i l y  llm',ted f o r  t h ~  ptlrpose of' t h G  t 3 s t s .  
The aiferor is  were d e s i ~ ; ~ ~ d  with the i p t a n t  o f  making 
t h e  f o r c e s  ve ry  l i g h t .  Irif'oymstion ob ta ined  f rom the 
D e Y a v i l l m d  Conpang i n d i c a t e d  .tkizt the  z3Jus ta 'b le  
ba l anc ing - t ab  r a t i o  w s s  s e t  t o  g i v e  q q r o x i f i a t e l y  
n e u t r a l  balance on each a i rp l ane .  T h e  da-ta of 
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of  

1. A d ivergence  occurred due t o  aileron o v e r b ~ l . ~ . n s e  
t h e  controls were re lef ised i ~ y !  a : ; idesl . ip,  O~cillatioris 
the a i r p l e n e  i n  the c l e a n  conditiolr, hduced by kicking 

and r e l e e s i n g  the rudder  with ailerons fixed diu darzp .to 
1/2 arnnlPtu.3e in 2 c y c l e s .  There vi2.s no s h o r t - p e r l o d .  
osc5. l l .a t fon of t he  rudder i t s e l f ' .  

2. The directional s t a . b t l i t y  o f  t he  air;)l:ine with the  
ru2der  fixed WF.S n0.L s u f f i c i e n t  t o  r e s t r i c t  t he  yaw due t o  
fu l l -  a5-leron def ' l ec t io lz  at 120 miles ps r  hour  t o  l e s s  
J- ' ) .  _ j _ _  '*, c) - 5  

:,1...c,-- <. . '. ; 

J 



3.  Cont rc l - f f z sd  and c o n t r o l - f r e e  d i r e c t i o n a l  s ta- 
b i l i t y  VJRS n o s i t i v e  except  nem tne  stall with p o ~ e r  far. 
level f 'U.g,ht  i n  t h e  c l e a n  conZtftion a t  l w g e  arigles of 
s f d e s l i p  where rudder l o c k  occurred. 

I+. The stick-fixed e f f e c t i v e  d i h a d r z l  w 8 s  p o s i t i v e  
i n  a l l  con(3i.tion.s. Due t o  t h e  closeLg h6.la.nced. o r  slightly 
o v e r b a l a c e d  p i l e r o n s  the  s t i c k - f r e s  dihedral was neutral 
OP s l i : ? h t l y  iiegat-ive i n  ~ l l  condit . ions.  

5 .  In power-on c o n 6 i t i o n s  of' f l i g h t  a n  vndesirabie 
ni tch i l i , ?  moirient duo t o  si.des1j.p and due i o  y z x h g  v e l o c e t y  
e x i s t 3 d .  wkich E:.ade i t  dff ' f icu1. t  t o  trim th.e airZs1erie i~ 
rough aj.?* 

6 ,  The Side f o r c e  aue t o  s f d e o l l p  was ;il~b'~c"ys i n  the 
correct .  d i r e c t i o n .  

7 .  The r u d d z r  c o n t r o l  GZ the ground was weBk, and 
i n  f ' lfzht was b2rel.y s l J f f i c i e n t  t o  ov4rcom.e ativerse 
aileron yaw, Ths rudder c o n t r o l  ,!vas s u f f i c i e n t  t o  niafntafn 
a straight p a t h  with .the w i n p  level. i n  211. normal f lf ,ght 
c o n d i t i o n s  a t  m y  speed o r  daw? t o  150 miles jxr h o u r  wfth 
one p??opcl la-  windmll1in.g o r  f.'ec.the;~ec?, m d  t h o  oi;:her 
engliris c?eI.ivsr!.ng r s t s d  powsi- in t h e  cle,an cond i t ion ,  
There T ~ S  i n s u i ' f i c i e n t  rudder def'lectfol? availzbl. : :  t o  f l y  
t h e  afrpl-ane vtith the  wings level on on* engine wi th  t h e  
f ' l q z s  en6 lendirig g e a r  dovm. 'h9mn e. i-;xnked s ides1l .p  wes 
attenp-Led i n  o r d e r  t o  main ta in  s t r a i g h t  flight i n  this 
c o n d i t i o n  rudder 1oc'x seemed t o  be irnninant. 

8. The v a r i a t i o n  oi' rudc'ler and Q i l e r o n  r o r c e  with 
s7eed wex s m n l l  excent  in dives  a t  high speed end the 
force could oe e a s i l y  raduced  t o  z e r o  by u s e  of th?z 
triniilfnS tabs. Above 330 m i l e s  per hour i n d i c e t e d  a i r -  
speed there  was  a 3  ob jec t ionab la  flzcrease in Ei leron  
forces m q u i r e d  f o r  t r i m .  

9. The power O S  t h e  e i l a r o n s  t o  roll the sirlnlanc 
was s a t i s f e e t o r y  i n  the l anding  and wava-off coEditfons 
m d  in lC2Ft r o l l s  i n  t h s  powgr-on, c l e e n  cond l t ion .  
Because cons ide rab le  r ight a i l e r o n  n e s  r e c c i r e d  f o r  trim 
i n  level f l i g h t ,  8 mximurr. pb//2V of olnly B.'i>O'Ut 0.06 w8s 
c b t ~ f n e d  i n  r igh t  rolls in the c l e a n  coni l l t ion a t  200 miles 
p e r  hour .  Po, e.n F-8 w i t h  en un twi s t ed  wing the 
rnax imm pb/PJ 
s h o r t  of t h e  0.07 r e y u i . m 6  a t  203 riifles ?e.? hour i n  the 
c lesn  coridi t ion,  The BflE!ron  f o r c e s  were always s m a l l  

a v a i l a b l e  would s t i l  1 fall s 1:ight ly 
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P r o 3 e l . l e r s  (2). Ty~oc 231331-493-6519.A.-12 5 : m j . l t o ~  S t a n d e r d  
Drislxeter, ft . . . . . . . . . . . . . . . . . . .  12.5 
E:u.;:ker of bisdes  . . . . . . . . . . . . . . . . . .  7 1 
G3ar r 2 t j . G  . . . . . . . . . . . . . . . . . .  Q.i;2:1 

E ' m l  ca.;?::.city, li. S. gg1. 
1 T  - - 
: b ! o . m p I y  10 t m k s  . . . . . . . . . . . . . .  t o t a l  Ob7 
Long range, 2 tmks, bornb bey . . . . . . .  total l$$ 
Droppsble, 2 t c n k s  wing . . . . . . . . . . .  total ab 

Oil c z p a c f t g ,  U. S. g a l .  
N o r i x d y  2 tan:.is, n a c e i l e  . . . . . . . . . . .  t o t s j .  IS 
Long range ,  1 t a n k ,  T u s e l c g e  . . . . . . . .  ",O.t;-.l 11.7 

Rearwerd ge rmis s ib l e  c .g .  p o ~ i . t i o n ,  pe rcen t  F. A.C. 36.0 
I:ijeigint for t e s t s ,  lb . . . . . . . . . . . . . .  l9,OOO 
Wtng 

1.' 

S p m ,  ft . . . . . . . . . . . . . . . . . . . .  54.16 
i m e ,  s q  ft . . . . . . . . . . . . . . . . . . .  Qjo 
A i r f o i l  s e c t i o n ,  P i s r acy  Tlodifled . . . . . . . . .  I?Kfil 34 
Chord e t  P u s e l a p e  junct1xi.e (25  in. il?orr. 

c en te r l2ae  }, f .I; . . . . . . . . . . . . . . . . .  12.25 
Chord a t  t i p  (25  ft -from c s n t e ? l i n 3 ) ,  ft . . . . .  5 .83  
, v e m  ae.roc.ynlamic ciiorct, i r i .  . . . . . . . . . .  10i.52 
Leauing e c l p  of' P?.A.C. foi.w.srrl of' j i c ;  p c l r i t ,  i n .  1'7.52 

T a p e r  r a t i c  . . . . . . . . . . . . . . . . . . .  (2.51 

jl .' 

f & $ e C t  P 2 t i G  . . . . . . . . . . . . . . . . . . . .  6.5 



~121edtral ( t o p  f a c e  of f r o n t ,  s p m ) ,  deg . . . .  1.4 f0.2 
II!cidmce, deg . . . . . . . . . . . . . . . . . .  l a 5  
S ~ ; j ~ ~ - ~ b ~ ~ L ;  ( a t  rib nunbcr 4), deg . . . . . . . . .  2.5 

i 
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Figure 2. - Three-view drawing of DeAavilland 
Mosquito F-6 airplane. 
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NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

b. Horizontal and v e r t i c a l  s u r f a c e s  
F igure  3. - Concluded. 
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Figure 4. - Spring-tab rudder characterietice, 
DeHavilland Mosquito F-8 airplane. 
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Figure 6 .  - Variation of balancing tab def lect ion 
with aileron def lect ion,  DeHavllland 
i i equ i to  F-S airplane. 
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a. Left kick and releaee.  
Figure 7 .  - Lateral osci l lat ions in the clean condition 

at 180 miles per hour with power for l eve l  
f l i ght  (2650 rpm, 4 pound6 hoost), shutters 
closed, DeHavilland Mosquito F b  airplane. 



c 
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b. Right k i o k  a d  releaee. 
Figure 7. - Concluded. 
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Figure 8. - Lateral  o sc i l l a t ions  in t h e  clean condition a t  
180 miles per  hour with power f o r  l eve l  f l i g h t  
(2650 rpm, +4 pounds boost) ,  shu t t e r s  closed 
caused by kicking the  rudder and then fixin; 
it  i n  neutral ,  DeHaviUand Mosquito, F-8 airDlane. 
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Figure 9. - Lateral oecll latidns i n  the clean cmdltion 
at 280 miles per hour with rated power 
(2650 rpm, +7 pounda boost), shutters 
closed,cauaed by right rudder kick and 
release,  DeHavllland Mosquito ?-8 alrplane. 
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a. Right  r o l l o u t s  with f l a p s  down, landing gear  down, power f o r  l e v e l  f l i g h t ,  
s h u t t e r s  open, at 125 m i l @  p e r  hour. 

(1) 
( 2 )  Rudder-fixed . Using rudder  t o  ov?rcome a i l e ron  yaw. 

Figure I O  - T i m e  h i s t o r i e s  of r o l l s  ou t  of tu rns ,  DeHavilland Mosquito F-6 airplsne.  
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b. Rudder-fixed r o l l o u t s , w i t h  f l a p s  UP, l and ing  gea r  UP, engines  id l ing ,  s h u t t e r s  
c losed ,  a t  125 miles p e r  hour. 

Figure 10 - Continued. 
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c. Rudder-fixed l e f t  and r i g h t  r o l l o u t s  w i t h  f l a p s  down, l and ing  gear  dorm, 
r a t e d  power, s h u t t e r s  open, at 115 miles  pe r  hour.  
r i g h t  r o l l  when a i r p l a n e  pi tched down. Engines cu t  out du r ing  

Figure 10 - Concluded. 
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Figure 12. - S i d e s l i p  c h s r i c t e r i s t i c s  from continuous records  i n  
t h e  c lean  condi t ion  at  115 miles p e r  hour with power 
f o r  l e v e l  f l i g h t  (2b50  rpm, -% pounds boos t )  
s h u t t e r s  open, DeHavilland Mosquito F-8 a i r p l a n e .  
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a. 120 miles per hour, shutters open. 
Figure 13. - Sides l ip  character is t ics  in  the clean condition 

with rated power, DeHavilland Mosquito F-8 
airplane. 
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D. 180 milee  per hour s h u t t e r s  c losed.  
F igu re  13. - Continued. 
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C .  240 m i l e s  per h o u r ,  shutters closed. 
Figure  13. - Concluded. 
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a.  120 miles per hour 
Figure 14. - Sides l ip  characterist ics  i n  the clean condition 

w i t h  engines id l ing ,  shutters c losed,  DeAavilland 
Mosquitc F-8 airplane. 
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b. 180 miles  per hour 
Figure 14. - Cont inued .  
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c .  240 miles  per hour 
Figure 14. - Concluded. 
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a. 115 miles per hour 
Figure 15. - Sides l ip  c h a r a c t e r i s t i c s  with flaps and 

landing gear dom,  engine8 idling, 
shutters open, DeAavillaad Yoaquito 
F-g airplane.  



b. 140 m i l e s  p e r  hour  
F igu re  15. - Concluded, 
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a. 110 m i l e s  p e r  hour 
F i g u r e  16: - S i d e s l i p  c h a r a c t e r i s t i c s  w i th  t h e  f l a p s  and 

l a n d i n g  gea r  down, r a t e d  power, s h u t t e r s  
open, DeHavilland Mosquito F-8 a i r p l a n e .  



b. 140 miles p e r  hour 
Figure 16. - Concluded. 
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Figure 17. - Time h i s t o r y  of r i g h t  s i d e s l i p  in t h e  c lean  ccn- 
d i t i c n  with power f o r  l e v e l  f l i g h t  a t  115 miles  
pe r  hour,  s h u t t e r s  open i n  which  rudder lock 
cccurred ,  DeHavilland Mhsquitc F 4  a i m l a n e .  
Engines werr c u t  t o  r ega in  con t ro l .  
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Figure 18. - Time h i s t o r y  of a take-off u s ing  10 pounds 
boost a t  3000 rpn,, s n u t t e r s  open, f l a p s  
up, cen te r  of g r s v i t y  at 35 percent  I . A . C . ,  
DeHsuilland Mosquito F-S a i rp l ane .  



. 

Figure 19. - Time h i s t o r y  Of a landing with the  center of 
gravity a t  35percent Y . A . C . ,  f laps  down, 
landing gear down, engines id l ing ,  De-. 
Havilland Mosquito F-8 airplane. 
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a. Lef t  p r o p e l l e r s  windmilling wi th  t h e  governer 
set a t  2650 rpm, rudder tab 18 .d"fu~l l  l e f t  
from rudder.  

Figure 20. - Direc t iona l  trim c h a r a c t e r i s t i c s  for s i n g l e  
engine operat ion i n  t h e  r a t e d  power c l e a n  
condi t ion  w i t h  left s h u t t e r  c losed  and r i g h t  
s h u t t e r  open, DeHavilland Mosquito F-8 a i rp lane .  
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b. L e f t  p r o p e l l e r  f e a t h e r e d ,  rudde r  t ab  13.5 d e g r e e s  
l e f t  from rudder .  

F igure  20. - Concluded. 
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a. Rated power,  c l e a n  c o n d i t i o n ,  s h u t t e r s  c l o s e d  (2650 r p m ,  
7 pounds b o o s t ) ,  c e n t e r  of g r a v i t y  a t  38.3 p e r c e n t  M.A.c . ,  
r u d d e r  t a b  at 0 degrees .  

d i t i o n s ,  DeHavillgnd Mosqui to  F-)5 a i r p l a n e .  
F i g u r e  21. - D i r e c t i o n a l  t r i m  c h a k t e r i s t i c s  i n  variclus f l i g h t  con- . 
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Figure 21. - Continued. 
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c .  F l a p s  and l a n d i n g  g e a r  down, e n g i n e s  i d l i n g ,  s h u t t e r s  
open, c e n t e r  of p r z v i t y  a t  3618 p e r c e n t  M . A . c . ,  
r u d d e r  t a b  6 .5  d e g r e e s  l e f t .  

F l a p s  and l a n d i n g  g e a r  down r a t e d  power (2650 fpm. 7 
pounds b o o s t ) ,  s h u t t e r s  open,  c e n t e r  of e r a v l t y  a t  
36.8 p e r c e n t  M . A . C . ,  r u d d e r  t a b  5.6 d e g r e e s  l e f t .  

d .  

F i g u r e  21. - Cont inued .  
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e .  F l a p s  and l a n d i n g  g e a r  down, approach  power (2650 r p m ,  

f .  C l e a  i o n d i t i o n c r u i e i n g p o w e r ,  (2a50 rpm, 4 pounds  

0 b o o s t )  c e n t e r  of g r a v i t y  a t  j 6 .R p e r c e n t  M.A.C . ,  
r u d d e r  t & b  4.2 d e g r e e s  l e f t .  

b o o s t )  s h u t t e r s  open, c e n t e r  of g r a v i - t y  a t  38.3 p e r -  
c e n t  Y.A.C., rudder  t a b  at 0 d e g r e e s .  

Figure 21. - Concluded. 
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Figure 23. - Time h i s to r i e s  of rudder k i c k s  a t  200 miles 
pe r  hour i n  t he  c lean condi t ion wi th  power 
f o r  l eve l  f l i g h t  in  which de f l ec t ion  r ag  
held t o  maximum s i d e s l i p ,  DeHavilland Yos- 
q u i t o  F-8 airplane.  



-.. Figure 24. - Variation Of m a x i m u m  change in  rudder force ,  
r o l l i n g  and yawing v e l o c i t y ,  and s i d e s l i p  
angle w i t h  rudder p o s i t i o n  i n  rudder t i c k s  
a t  140 and 200 miles  per hour in  the  clean 
cone i t ion  with power for l e v e l  f l i g h t ,  
DeHavilland Mosquito F-B airplane.  
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Figure 25. Time h i s t o r i e s  Of rudder-f ixed,  abrupt a i l eron  
r o l l s  at 140 miles  per hour,'  indicated, in  the  
c lean condition us ing  power f o r  l e v e l  f l i g h t  
shutter8 open, DeRarilland Mosquito F-8 airplane. 



f Figure 26. - Variation of aileron control force and ef fect ive-  
ne88 w i t h  total  aileron deflect ion in the clean 
condition at various epeeds using power for  
l e v e l  f l ight  or rated power, DeHavilland Yos- 
quito F-g airplane. 

h 
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Figure 27. - Variation of aileron control force and ef fect irenesa  
with t&tal aileron def lect ion at 120 and 140 ailee 
per hour w i t h  f l aps  down, l a d i n g  g e u  down, and 
engines id l ing ,  DeHa~illand Yosqulto t-8 airplane. 
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Figure 26,  - Variation of ai leron control force and ef fect iveness  
with t o t a l  ai leron deflect ion at 120 and 140 miles 
per hour w i t h  f laps  down, and landing gear down 
using power f o r  l e v e l  f l i g h t ,  DeHavilland Mosquito 
F d  airplane. 

I 


